Although a rigorous theory of thermal diffusion has been developed by Chapman and Enskog, it is desirable to have an approximate but elemen tary theory which reveals the physical mechanism of the phenomenon. This is given in the present paper by the application of a method similar to that used by Meyer for the treatment of ordinary diffusion in gases. It leads to an approximate formula for the thermal diffusion ratio, a discussion of which shows that it accounts for many of the characteristic properties of thermal diffusion.
1.
The phenomenon of thermal diffusion in gases, although theoretically predicted by Enskog in 1912, and independently by Chapman in 1916, and for the first time observed by Chapman and Dootson in 1917. did not par ticularly attract the attention of physicists. It was only regarded as a curious effect, perhaps usable for the determination of the field of force surrounding molecules. Clusius and Dickel (1938, 1939) have recently applied it as a method of separation of gaseous mixtures, and it is now con sidered as the most effective device for this purpose, and is in operation in many laboratories.
I t is always desirable that the experimenter investigating or using a certain phenomenon should be in a position to understand the fundamental principles of the underlying theory. It seems that this need is not often met in the case of thermal diffusion owing to the great difficulties of the general kinetic theory of non-uniform gases on which the theory of thermal diffusion is based. Although the strict theory of ordinary diffusion is not simpler, an elementary theory of this phenomenon had been given long ago (Meyer 1877), which is easily understandable by every physicist and the results of which are in fairly good agreement with the results of the rigorous theory. It is hard to comprehend why the theory of thermal diffusion, a phenomenon not less conspicuous than ordinary diffusion, should be unexplainable from an elementary point of view (see e.g. Chapman 1928 ). It can indeed be shown that a satisfactory elementary theory of thermal diffusion can be given on almost the same lines as the elementary theory of ordinary diffusion, and that the results of this treatment agree well with the results of the rigorous theory in all significant aspects.* It should be kept in mind, how ever, that this theory, like any other elementary theory of a rather com plicated phenomenon, can by no means be regarded as a complete equivalent of the strict theory as given, for instance, in the book by Chapman and Cowling on the theory of non-uniform gases (1939), which should be con sulted by everyone who wishes to refer to the more rigorous treatment.
2. Thermal diffusion, like all the other transport phenomena, is essentially due to the deviations in non-uniform gases from the Maxwellian law of distribution of molecular velocities in uniform gases. Accordingly the rigorous theory starts by deriving this distribution law which is then applied to the treatment of the phenomenon in question. The elementary theories o f4 transport phenomena ' use the method of mean free paths which assumes that all the particles colliding with each other in a certain volume element obey Maxwell's distribution law relating to the local density and tem perature, and that they are able to carry the attribute of this distribution over a certain distance, the mean free path. Hence the actual velocity distribution at a certain point results from the superposition of the fre quencies of the velocities of all the molecules coming from volume elements within the range of the free path where they have undergone their last collisions. It will therefore generally be different from Maxwell's distribu tion. Although this procedure is not rigorous and is open to some criticism (Chapman 1928) it has the advantage of revealing clearly the physical mechanism of the phenomenon, and it will therefore be adopted in the present paper.
3. Let us consider a mixture of two ideal gases at rest, each consisting of identical molecules of mass mx and number of molecules of the first kind and the corresponding number of molecules of the second kind, both varying in space. I further assume th at the pressure p is uniform throughout the system, but th at the tempe T is not uniform, being a given function of the co-ordinates. I finally assume that within a sufficiently small region the equipartition law is satisfied relating to the local temperature for all the molecules colliding with each other in this region. Thus 
Here vf, v\ are the mean squares of the therm al velocities u l5 u 2 of the two kinds of molecules. As usual in elem entary kinetic theories, we shall identify vx and v2 with the average of the speeds u x, u2 of the therm al motion of the two kinds of particles; by this simplification the final result is affected only by a slight change in the numerical factor On the therm al velocities of the molecules there will be generally superposed a common stream velocity v, relative to which the distribution of the therm al velocities is assumed to be of spherical symmetry. I now suppose th a t n x, n2 and T, and consequently also vx> v2, of the co-ordinates x, y, z, can be developed of any point P inside the gas; this point can always be chosen as origin o co-ordinates. I f the variation of these quantities in space is sufficiently small, all term s of u higher than the first order within a distance from the origin of the order of magnitude of a mean free path can be neglected. Hence which are to be substituted in (4). We thus have averaged over all possible distances r and over all possible values of the thermal velocities in the direction a, b, c.
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where the bars now denote averaging over all possible directions. lx and l[ will generally depend on a, b, c, for they depend on nX) n2, vx, v2. Since according to our assumption the variation of these quantities in dimensions of the order of magnitude lx and l[ is only very slight this depend ence can be neglected within the limits of the approximation adopted. However lx and l[ will generally differ according to the different definitions for them given above.
Because all the averages in (6) vanish by reasons of symmetry with the exception of a2 = 1/3, it follows that vi =
where the superficies have been omitted since P can be an arbitrary point of the system. Similarly we get for the particles of the second kind
vx represents the current density of a flow of particles of the first kind in the positive ^-direction, the speed of which is equal to vxjnx, similarly the speed of the flow of particles of the second kind is v2jn2. The rate of mutual diffusion is usually measured by the difference q12 of these speeds
Hence, substituting from (7) and (8) into (9),
We now introduce the molar fractions of the two components defined by
nx + n2 % + ng which satisfy the identity y2 = 1 • According to (2) we have therefore
By means of (1) and (13) the derivatives of the s and the appearing in equation (10) can be expressed in terms of the derivatives of the y 's and T which are observable quantities, namely 
is the well-known expression for the coefficient of ordinary diffusion ac cording to Meyer's theory if lx a n d *l2 are identified with the 'mean free paths ' of the two kinds of particles responsible for this phenomenon. 
Since, in the preceding, the direction of the x-axis has been arbitrarily chosen, equation (17) can be replaced by the general vector formula 012 = ~ r~TT {grad 7 l + grad log } > ( 2°) 7 l /2 which is identical with the corresponding formula derived by the rigorous theory. The second term in the brackets represents the thermal diffusion, and the coefficient kT is the "thermal diffusion ratio '. Formula (19) shows how the quantity kT, which determines the rate of thermal diffusion, depends on the concentration, the masses of the two sorts of molecules, and on the quantities l and V which again depend on the behaviour of the molecules in collision, i.e. on their sizes and their mutual forces.
It has already been seen that our theory provides the same expression (18) for the coefficient D12 of ordinary diffusion as Meyer's theory. Con sequently I follow the procedure of Meyer in assuming that l2 are the mean free paths of Maxwell's elementary theory which for a mixture of two com ponents take the form The corresponding formulae of Tait, who uses a definition of the mean free path different from that of Maxwell, differ from (21) only in th at the numerical constant has a slightly different value. It is known, of course, that formula (18) does not, as the rigorous theory does, give the correct dependence of D12 on the concentration and the mass ratio of the molecules if the expressions (21) for lx and are used, because certain important effects, e.g. the ' persistence of velocities ' are not taken into account (see e.g. Jeans 1925). But as these refinements far exceed the limits of an elementary theory like the present one, the formulae given above will suffice, in spite of the fact that they are to a certain extent incorrect.
I have already mentioned that lx and l[ (and also l2 and l2) will generally be different from each other since they refer to different processes. This difference will certainly depend on the forces acting between the particles in collision. In order to simplify the problem I shall assume th at the field of forces surrounding a molecule is identical for both kinds of particles. In this case it is reasonable to assume th at l[ differs from lx only by a numerical factor oc the value of which depends mainly on the force law. I assume th at V 2 and Z 2 differ in this case by the same factor Hence
No attem pt will be made to determine the actual value of oc for any particular kind of force law, since this would again require considerations similar to those used in the theory of persistence of velocities, and is there fore beyond the scope of this theory. But it can be stated without calculation that oc will have its smallest value for hard molecules and will increase with increasing 'softness' of the molecules. For V is by definition the mean distance over which a particular molecule has to travel before its original velocity becomes assimilated to the local thermal velocity, and this is achieved only partially in the first collision with another molecule, th at is after travelling through a distance l, if the field of interaction forces extends over a finite region instead of being concentrated in the point of contact. I shall return to this point in § 4.
Substituting from (23) into (19),
( -? )
Vmi/^l ~ Vm2^2 y 7 iV'mA + y 2\ W v 1 2' and finally by means of (21) 
4.
The following brief discussion of the formulae (25) and (26) will show that the results of the present elementary theory of thermal diffusion account for many of its characteristic properties.
(a) Dependence of kT on the concentration. According to (25) kT vanishes for yx = 0 and y 2 -0 (or yx -1), and it has therefore at least one extremum for a certain finite concentration which will be the most suitable for separ-ating a mixture of gases by means of thermal diffusion. The denominator of (25) is always positive; hence if ax and are opposite in sign, the sign of kT is the same for all concentrations. If, however, a1 and a2 have both the same sign, kT must vanish for a particular finite concentration and its s depends on the concentration.
(b) Dependence of kT on the force law. The influence of controlling the behaviour of the molecules in collision is expressed by the first factor on the right-hand side of (25) which is positive for < 2 and negative for a > 2. According to the statements in § 3 this means, th at in a gas consisting of a certain standard type of molecules for which is exactly equal to 2, no thermal diffusion can occur, and th at in a gas consisting of 'harder' molecules than these the effect has the opposite sign than in a gas consisting of 'softer' molecules. This is in agreement with the results of the rigorous theory of Chapman and Enskog, quoted above, which provides, besides, the formalism for calculating the factor corresponding to our (1 -\ cl) for any supposed law of mutual forces. This calculation has been performed for the case where the forces between two particles of different kind are repulsive and proportional to an inverse power s of their mutual distance. I t is shown th at this factor is positive for s > 5, negative for s < 5 well 'fifth power law ' (1868), which therefore corresponds to our = 2.* This certainly proves a defect of the elementary theory compared with the rigorous theory. But this defect is not so bad, since the result of the general theory could be checked by experiment only if the force law were known beforehand. As this is not the case, the normal procedure is to deter mine a value for the exponent s of the hypothetical force law by comparing the theoretical formula with the measurements. This s can be considered as a measure for the hardness of the molecule. By using our formula (25) in the same way a value for oc can be determined which is also a measure for the hardness of the molecule, no particular force law having been pre supposed.
(c) Molecules of equal size and different mass. In this case from (26) This means that (provided cl <2) the heavier molecules al diffuse into the cooler region.
( d) Molecules of equalmass and different size. Putting tn1 = m2 = m in this case, from (26) (28) tt2 = (<r2 -<rf2). j
Hence for (r1 > cr2: ax >0, a2 < 0, and for < r1<cr2: ax <0, a2 > 0.
Thus (again provided a < 2) the larger molecules always tend to diffuse into the cooler region.
I am very obliged to Professor Born and Professor Chapman for their interest in this investigation and for valuable discussion and criticism.
